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JAVELIN NEUTRAL HDROGEN EXPERIMENT 
The Jave l in  rocket,  NASA 8:60 CE, was f i r s t  scheduled f o r  launch or 
15 May 1971. However, d i f f i c u l t i e s  wi th  the  t ransmit ter  caused a postpone- 
ment u n t i l  8 June 1971. While completing f i n a l  payload assembly at  Wallops 
i- Is land,  the  H spectrometer channeltron was broken. A s  a r e s u l t  of consul- 
t a t i o n  with t h e  NASA contrac t  monitor, $0: w a s  decided t h a t  t h e  rocket  should 
+ 
not be flown without the  H da ta ,  Since t h e  r e p a i r  of the  channeltron brou t 
have taken a t  l e a s t  one week, and s ince  t h e  launch window closed on 3 3  Juni~ 
1971, i t  was decided t o  reschedule the  launch f o r  e a r l y  January 1972. The 
Goddard Sounding Rocket Branch was informed and rep l i ed  t h a t  the  reschedu l~ng  
of t h e  launch was f e a s i b l e  and t h a t  they would reserve  the  launch vehicle, 
Because of the  termination of employment a t  TRW of W. Bernstein and 
R. E. Wax, TRW w i l l  be unable t o  complete f l i g h t  and da ta  reduction of the 
Jave l in  rocket .  Consequently, the  Jave l in  payload and i t s  associated alec- 
t ron ic  and mechanical spare p a r t s  w i l l  be turned over t o  NASA. 
NIm TO AUlRORAL NYDROGEN EXPERIMENT 
The rocket  was launched i n t o  a Glass 111 aurora l  breakup event a t  075; 
UT, 31 March 19'71 from the  range a t  F t .  Churchil l ,  A l l  t h e  da ta  wears severely 
compromised by high vol tage  corona problems during the  f l i g h t .  The important 
r e s u l t s  inc lude 
I, l a r g e  f lux@@ of law energy prrecipitated hydrogen ware obeerved, 
2 ,  an H- component i n  aurora l  hydrotgm was obeerved, 
3 ,  large m p l i t u d e  f%uctuakions i n  t h e  precfpitatead low energy e!Lectr~n 
f lux  were observed by detectors oriented p a r a l l e l  t o  the roket spin ~ ~ ~ a - 8 ~  
A d e t a i l e d  diseuseion of this f l i g h t  fe l lows,  
N I m  Tcl$~mhK FLIGHT 
I. LAUNCH C O N D I T I O N S  
The v e h i c l e  was launched from Ft, Church i l l  i n t o  a Glass III aurorsi 
breakup a t  0151 l o c a l  t ime (0751 g'T) 51 March 1971,  The a u r o r a l  Ium 
(5577) exceeded 120 kR a t  t i m e s  and t h ~  magnetic bay reached a maximula dc-- 
p r e s s ion  of %450y during t h e  f l i g h t -  ,ecause the breakup occurred several 
hours a f t e r  l o c a l  magnetic midnfg'lt, the baeakup p a t t e r n  nesved from we.- 
e a s t .  This  movement was very  s t r i k i n g  because geraearal sast t o  west f o m t  
were no t  p re sen t  i n  t h e  sky and the major  l i g h t  emission was rather 
bounded on t h e  e a s t e r n  border .  The v e h i c l e  w a s  launched a t  san 84' elevation 
and 150" azimuth; i t  performed w e l l  and reached an a l t i t u d e  of a300 Rm, Tbe 
t e lemet ry  r ecep t ion  was poor beca~sse  of many drop-outs probably caused 
poor antenna p a t t e r n  b u t  w a s  adequate  t o  p e m i t  r educ t ion  of t h e  d a t a  by he . ~ k  
The rocket  was instrumented wi th  twelve s e p a r a t e  instrlrments t o  pelrS- 
form comprehensive measurments  o f  t h e  f l u x ,  energy spectra, and p i t c t  :~ng a 
d i s t r i b u t i o n s  of p r e c i p i t a t e d  l o w  energy hydrogen (H', $, and N-) and el@ - 
t r o n s ,  and t o  i d e n t i f y  t h e  occurrence of f a s t  temporal variatiaxas i n  these 
p a r m e t e r s ,  Energy range,  geometr ical  factor,  r e s a l u t i a n ,  and or ien ta t ion :<  
of t hese  ins t ruments  a r e  given in Table 1, The swept analyzeirs ware ik~tende~f 
t o  provide de t a i l s  o f  t h e  p a r t i c l e  energy spectra; the  f i xad  energy ona%yze$rw 
were intended t o  exmina rapid  temporal, variations,  p i t ch  anpie diatr ibut icmw, 
and p o s s i b l e  t rans i t  time de lays  between the  hydrogen and e lectron precipit*s-- 
t i o n  and a l s o  b e t w e a  particles s f  the same type b u t  of di f fe ren t  energy* 
Thus, t h e  p re sen t  payload represented  a l o g i c a l  ex tens ion  of t h e  two auroral  
payloads flown previous ly  [ B e r n s t e i ~ ~  e t  ale 1969, Wax and Berns te in  1970, 
Berns te in  and Wax 19701; t h e  only "news' ins t rument  included i n  t h i s  f l i g h t  
was t h e  B- spectromster  [Berns te in  e t  a l .  19701 i n ~ e n d e d  t o  measure t h e  
nega t ive  i o n  component i n  t h e  e n e r g e t i c  a u r o r a l  hydrogen f l u x ,  
111. FLIGHT RESULTS 
The v a l i d i t y  and s i g n i f i c a n c e  of t h e  f l i g h t  r e s u l t s  a r e  do141stfuL 
because of t h e  occurrence of h igh  vo l t age  corona throughout t h e  f l i g h t ,  
This r e s u l t e d  i n  a lowering of t h e  channeltron high voltages ae evidenced 
by t h e  two high vo l t age  monitors.  A s i g n i f i c a n t l y  reduced chanlneltron lxigh 
vo l t age  r e s u l t s  i n  an unknown l o s s  of d e t e c t i o n  e f f i c i e n c y  f o r  each ind iv idua l  
d e t e c t o r .  Since t h e  d e t e c t o r s  were intended t o  ope ra t e  i n  the saturated 
mode, no at tempt  a t  e f f i c i e n c y  c a l i b r a t i o n  a t  reduced vo l t age  had been made 
I n  f a c t ,  t he  two high v o l t a g e  monitors i nd ica t ed  t h a t  t he  high vo l t age  had 
been reduced t o  a l e v e l  where the  d e t e c t o r s  should have been inope ra t ive  
throughout t he  f l i g h t .  However, a l l  t h e  ins t ruments ,  wi th  t he  except ion of 
t he  e l e c t r o n  spectrometer ,  d id  count f o r  major per iods  throughout t h e  f l n g h r  
and a s  w i l l  be  seen ,  t he  counting p a t t e r n s  were c o n s i s t e n t  wi th  ground basad 
o p t i c a l  observa t ions  aad t h e  expected s p i n  modulation. m e r e f o r e  we harte 
concluded t h a t  the  very low vo l t ages  i nd ica t ed  by t h e  monieors a l s o  were no t  
meaaingful,  and t h a t  t he  chanae l t ron  high voltage was reduced by an unkanowi 
and v a r i a b l e  f a c t o r  r e s u l t i n g  i n  u n k n m  and v a r i a b l e  eff ic iencies  f o r  each 
insrrunnent throughout the flight, Gmparison of counting rate8 beween 
d i f f e r e n t  ins t ruments  i s  thus  Bnvalid; csnchs iores  r e l a t i v e  t o  long term 
temporal v a r i a t i o n s  a r e  ques t ionable ,  The ins tan taneous  energy s p e c t r a  and 
observa t ions  of s h o r t  term temporal v a r i a t i o n s  a r e  probably v a l i d  but the 
observed f l u x e s  must be  i n t e r p r e t e d  only  i n  terns of a lower l i m i t  t o  tne f ~ u x . ,  
The corona and reduced 137 problem had been encon~ntered dur ing  the 
vacuum t e s t s  a t  GSFC. A t  t h a t  t ime, t h e  problem had been solved by the 
rearrangement and re -pot t ing  of t h e  high vo l t age  wi re s .  Two fhlrthelr 
f a c t o r y  vacuum t e s t s  had been perfarmed dflGSFC wPt$out corona p r ~ b i e m b  
i t  was concluded t h a t  t h e  payload should be  E l o m .  
Even during t h e  t e s t  a t  GSFC i n  which t h e  corona and reduced hngb 
vo l t age  problems were p re sen t ,  spur ious  counts  were no t  observed, Thus ve 
b e l i e v e  t h a t  reduced d e t e c t i o n  e f f ic icmcy r a t h e r  than spurious couattng 
r a t e s  a r e  t h e  consequence of t h i s  PrnaZfunction. This cc?.scl~~sioa I s  conai--- 
t e n t  w i th  t h e  complete absence of counts  f o r  a l l  ins t ruments  during porr~ons 
of t h e  f l i g h t .  This experience wi th  h igh  vo l t age  corona has  l e d  to . r ; w - ~ ~ ~ \  
changes i n  our  a s s a b l y  of t h e  h igh  vo l t age  po r t ions  af the payload of J m e H i a  
8:60 and corona problems have n o t  been encountered during the  envfroi:zraan~t~ 
t e s t s  of t h i s  payload, 
With t h e s e  shortcomings i n  mind, we now proceed t a  t h e  flight dasc ,  
I n  F igures  1-5, we presen t  t h e  p a r t i c l e  fluxes, ea r r ac t ed  f o r  geometric81 
factor ,  and r e s o l u t i o n ,  detected by t h e  va r ious  operative in strum en,^^ d u t i n g  
t h e  f l i g h t .  Figusa 9. ahows: the ensray ehe~"an~?I@ a f  t h e  H' rspectraneter, 
Figure 2 ahova t h e  energy channels  of the apectromater, F igure  3 show! 
t h e  f i xed  energy e lect ron detectors ,  Figure 4 L S ~ ~ C ) W & E  cke f i xad  energ:; gr<:?,cm 
d e t e c t o r s ,  and Figure  5 shows t h e  ground based o p t l c a l  m e a s u r a e n t s ,  Data 
are absent  f o r  per iods  of v a r i a b l e  d u r a t i o n  f o r  almost a11 i n s t r m e n t s ;  dub-,rg 
t h e s e  pe r iods  t h e  observed counzing rate w a s  n o t  considered s i g n i f i c a n t  alnc 
probably r e s u l t e d  from a g r e a t l y  reduced channel t ron e f f i c i e n c y .  The photo-  
m e t r i c  d a t a  a r e  n o t  intended as abao7-ute i n t e n s i t y  measeo;relnents, and are 
only intended t o  show t h e  tempo1ra3.. vrar 7 ,  +-%c--#- i n  the emissicn i n t e n s i t y  ot 
t h e  v i s u a l  aurora  i n  t h e  rocke t  flight pa th ,  Gomoari~oa aF t h e  relative 
t e n s i t i e s  of t h e  d i f f e r e n t  l i n e s  is n o t  v a l i d .  
The per iods  of enhanced o p t i c a l  i n t e n s r t y  i n  t h e  per iods  7:53:10 - 
7 : 5 4 : 3 0  and 7 : 5 8 : 2 4  - 7 : 5 8 : 5 4  a r e  reasonably w e l l  c o r r e l a t e d  wi th  enhance- 
ments i n  t h e  de t ec t ed  p a r t i c l e  f l uxes .  However, t h e  very  l a r g e  variations 
observed i n  t h e  B- f l u x  i n  t h e  period 7 :56 :00 - ' 7 ~ 5 7  :00 a r e  not csrrel .a ted 
wi th  any l a r g e  f l u c t u a t i o n s  I n  t h e  o p t i c a l  I n t e n s i t i e s ,  
Severa l  s e l e c t e d  po r t ions  of t h e  f i x e d  energy e l e c t r o n  data are 
presented i n  F igures  6-8. A s  can be seen,  t h e  d e t e c t o r s  o r i e n t e d  a t  90' 
t o  t h e  rocke t  s p i n  a x i s  and t k ~ e r e f o r e  near  90' t o  t h e  geomaprrcztie fie1.d 
l i n e s  show the  expected s p i n  modulation. However, exllurnples &ire shorn 
where a  much larger modulation a t  the s p i n  frequency is  observed fn arle OF 
t h e  f i x e d  energy d e t e c t o r s  v iewing p a r a l l e l  t o  the s p i n  axis whereas tlre 
o the r  p a r a l l e l  d e t e c t o r  shows very l i t t l e  modulation, Impulsive vuario.tions 
i n  t h e  hydrogen and e l e c t r o n  fl.uxes, as observed during oar  previous flight 
[Berns te in  and Wex 19701, were not  observed a t  any time during the present 
f l i g h t *  
IV. DISCUSSION OF RESULTS 
A t y p i c a l  p r e c i p i t a t e d  hydrogen energy spectrum der ived  from the  PE' 
spectrometer  is s h a m  i n  F igure  9.  The shape of t h e  spectrunn does n o t  vary 
apprec iab ly  from 7:54:30 - 7 : 5 8 : 2 Q e  During t h i s  pe r iod ,  t h e  lower limit so 
9 - 2 , 7  -2 t h e  d i f f e r e n t i a l  f l u x  can b e  represented  by dF/dE = 6.5 x 10 %ev """ 
-1 
see kev-I srr-l. The p re sen t  exponeni i s  somewhat smaller than, b u t  con- 
s i s t e n t  wi th ,  t h e  va lues  der ived  i n  previous flights, The l a r g e r  f l u x  ab- 
served i n  t h i s  f l i g h t  i s  c o n s i s t e n t  wi th  t h s  increased  b r igh tnes s  of the 
aurora .  Also shorn i n  F igure  9 i s  t h e  uncorrected pro ton  energy spechr-I 
and t h e  t o t a l  hydrogen energy spectrum derived from t h e  proton spectrctnleter 
a f t e r  c o r r e c t i o n  f o r  atmospheric charge exchange and c h a m e l t r o n  ineff j .e ienc+ 
when operated i n  t h e  s a t u r a t e d  mode f o r  protons wi th  energy less tbm 1- ~ E V ,  
A s  can be seen from Figure 9 ,  t h e  abso lu t e  agreement between t h e  mn total 
hydrogen energy s p e c t r a  i s  remarkably good when our  l ack  of knowledge st the 
abso lu t e  d e t e c t i o n  e f f i c i e n c i e s  of t h e  two ins t ruments  I s  eons idered ,  Unce 
aga in  we concLude t h a t  l a r g e  f l u x e s  af law energy Iiydragen a r e  p rec ip i t a t ed  
during t h e  breakup phase, S t  a l s o  appears  t h a t  a t  ene rg i e s  a t  least as low 
as 100 ev t h e  power law behavior  of t h e  t o t a l  hydrogen spectrum i w  maintainetl- 
The f l u x  and energy s p e c t r a  der ived  fram t h e  W- analyzer  are not con- 
+ 
s i s r e n t  wi th  those  der ived  from t h e  H analyzer ;  t h e  B- spectrum ahowa a 
pronounced peak I n  t h e  energy range 41.8 - 2,6  kev. I n  view af %'he uncertainty 
of ins t rumenta l  e f f i c f e n c i e s ,  th%w d % a ~ r e p a n c y  i n  t h e  obaerved fluxas i s  not 
s u r p r i s i n g ,  Wowever, t h i s  probably does n o t  account f o r  the discrepancy in 
s p e c t r a l  ahape, Aa C E ~ P I  be from Table X, t h e  H- d e t e c t o r  & h a y s  viewed 
t h e  dowxlward bemiaphere: a t  ang le s  aaas BIOD to the rocke t  @pin axgas The 
proton spectrometer viewed the  upward h a i s p h e r e  a t  angles near 0" to  the 
sp in  ax i s .  Therefore the  two instruments d id  not  examine the  same c l a s s  
of p a r t i c l e s ,  and the  observed di f ferences  i n  s p e c t r a l  shape could indeed 
be  va l id .  
An ~ 2 0  see  period v a r i a t i o n  i n  t h e  f l u x  observed i n  the  1.8 ard 
2.6 kev channels of the  N- spectrometer is  reasonably obvious i n  Figure 2, 
This v a r i a t i o n  i s  not seen i n  t h e  ''0'\oPt channel, nor is  i t  evident in 
+ the  da ta  from t h e  N and spectrometers. Also, sp in  modulation of the 
6 counting r a t e s  i s  no t  observed although t h e  Instrument f i e l d  of view 
covered a reasonable range of p i t c h  angles not  f a r  removed from 90" .  A t  
the  present  t i m e ,  w e  cannot c l e a r l y  explain the  r e l a t i v e l y  high counting 
r a t e s  observed i n  the  "O'bnergy channel. Since the cor re la t ion  bemeen 
the  f l u x  pa t t e rns  observed i n  the  1.8 and 2.6 kev channels shows l i t t l e  
co r re la t ion  with t h a t  observed i n  the  "0" energy channel, i t  i s  d i f f i c u l t  
t o  a t t r i b u t e  the  counts observed i n  the  1.8 and 2.6 kev chmnels  to any 
spurious e f f e c t s ,  Although w e  had hoped t o  obta in  a more c e r t a i n  meaeure- 
ment of the  N- f l u x ,  we f e e l  t h a t  a v a l i d  de tec t i an  of an N- component i n  
the  energet ic  aurora l  hydrogen f l u x  has been accomplished, 
The l a r g e  o s c i l l a t i o n s  a t  the  spin  frequency observed f a r  a small 
range of e lec t ron  energies with the  de tec to r s  or iented  p a r a l l e l  t o  the 
spin  a x i s  has been obeerved previously, Figure 10 shows t h e  da ta  from 
three  of the  energy channels of t h e  para l le l -or ientad  e lec t ron  spectramatar 
from the  1969 f l i g h t ,  Very l a r g e  modulations are observed f o r  channel 4 
e lec t rons  (%4 kev); t he  s p i n  frequency was 0,7 Hz f o r  t h e  1969 flight 
r a t h e r  than %6 Hz a s  i n  t h e  p resen t  f l i g h t .  The modulation amplitude de- 
c reases  with decreasing e l e c t r o n  energy. I n  t h e  previous f l i g h t s ,  w e  had 
4" 
a t t r i b u t e d  the  r e l a t i v e l y  minor s p i n  frequency modulation i n  t h e  H and B" 
d e t e c t o r s  t o  imprecise alignment of t h e  instrument apper tures  s o  that a 
range of p i t c h  angles  near  O0 would be scanned during each sp in  cyc le ,  In 
t h e  case  of t h e  e l ec t rons  however, t h e  modulation depth can exceed a factor 
of 50; i f  t hese  r e s u l t s  a r e  t o  be produced simply by poor a l % g m e n t ,  a. ceT- 
ponent of t h e  e l e c t r o n  p i t c h  angle  d i s t r i b u t i o n  must be  extrennely peaked along 
t h e  l i n e s  of force .  
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TABLE I 
Xnergy 
P i t c h  Angles Geometric Factor Resolution 
Observed ( a 2  s t r )  - ( 2 )  -.. Instrument Energy Range 
0-2 kev i n  5 
s t e p s  every 
3 seconds 
Negative Hydrogen 
Analyzer 
Neutral Hydrogen 
Analyzer 
0-2 kev i n  5 
s t e p s  every 
3 seconds 
Proton Analyzer 0-10 kev i n  
continuous 
sweep every 
0.08 sec  
Electron Analyzer 0-10 kev i n  
continuous 
sweep every 
0.08 sec  
Fixed Proton H1t 1.1 kev f ixed 
energy 
Fixed Proton H l4 1.1 kev f ixed 
energy 
Fixed Proton Hz( 2.2 kev f ixed 
energy 
2.2 kev f ixed 
energy 
Fixed Proton H2+ 
Fixed Electron yt 1.1 kev f ixed 
energy 
Fixed Electron el+ 1.1 Lev f ixed 
energy 
Fixed ESectron e2t 2 .2  kev f ixed 
energy 
Fixed Electron e2* 2.2 kev f ixed 
energy 
FIGURE CAPTIONS 
1. Temporal behavior of the  f luxes  measured i n  the  four  energy ehann.els of 
t h e  NO spectrometer. 
2. Temporal behavior of t h e  f luxes  observed wi th  the  H- spectrometer, The 
11 11 O energy channel has zero v o l t s  applied across  t h e  analyzer p l a t e s .  
The counting r a t e  measured i n  t h i s  channel i s  given i n  a r b i t r a r y  units 
and is  presented t o  show i ts  temporal dependence only. 
3 .  Temporal behavior of t h e  e lec t ron  f luxes  observed with t h e  l and 2 kev 
p a r a l l e l  and perpendicular f ixed energy e lec t ron  detec tors .  
4 .  Temporal behavior of t h e  proton f luxes  observed with t h e  1 and 2 kev 
p a r a l l e l  and perpendicular f ixed energy proton detec tors .  
5 .  Temporal behavior of t h e  5577, 3914, and 6300f~ l i g h t  i n t e n s i t y  observed 
with ground based photometers. 
6 - 8. Selected examples of v a r i a t i o n s  a t  t h e  sp in  frequency observed w i t h  
the  1 and 2 kev p a r a l l e l  and perpendicular f ixed energy e lec t ron  de- 
t ec to r s .  Also shown is one a x i s  of t h e  aspect  magnetometer. 
9. D i f f e r e n t i a l  energy spec t ra  of the  hydrogen p rec ip i t a t ion .  The x ' s  
denote proton f luxes  corrected t o  top of atmosphere and by channel-tron 
e f f i c i e n c i e s .  The boxes are t h e  i n s i t u  measurements of the  protons 
without correc t ion,  The c i r c l e s  represent  t h e  i n s i t u  atomic hydrogen 
f luxes .  
10. Example of va r ia t ions  a t  the  sp in  frequency i n  the  e lec t ron  f l u x  ob- 
served with t h e  de tec to r  or iented  p a r a l l e l  t o  the  spinaxis  during the 
1969 rocket  f l i g h t .  
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Ch. 5 Electrons 
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